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Uncertainty status and caveats

Uncertainty model revised
— improved formalism, designed to focus on “tall poles”

Uncertainty values not completed
— numbers here are *very* preliminary

— Input terms based upon data where available; best estimate
otherwise

» subject to significant revision
Propagation of uncertainties assumes random and
normal distributions of errors and no correlations.
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Radiance Equation and
Uncertainty

Ng,p (EV)

aé)Lo aDN ™ O O
ALsolte) - &DN” 8 o

D
Lep(EV) =

Levep  Band-averaged spectral radiance from the Earth scene [W nr2unmisr]
DN* evep Effective count from the detector
Alg D(t) Radiance responsivity from the calibration of MODIS [counts W-um sr]

Time after the start of on-orbit operations
Levep The band-averaged spectral radiance defined by the equation

}\’2
Ql Lx, EV R\ B Dd}\’
}\'2
Q R.sod

~—

LEV B.D —

where
R, gD Relative spectral response at wavelength |
A, andl , Wavelength range over which the detector has a significant quantum efficiency

3.3-3



DN* Equation ’é‘"

DN} o (EV) = [DN; o (BV)S (MS, Frg ) - (DN o (SV))Sa(MS, Fror o) |

FFa(MS,D) *{1+ K, o [aT(FP,) - To, (FP) T}

DN* Effective digital countsfrom the detector after all corrections

B MODISBand

D Detector within band B

DN’ Detector digital counts after correction for Analog to Digital Converter quantization
errors.

EV Earth View Sector

sV Space View Sector

S Scan Angle correction for mirror reflectance

MS Mirror Side

Faol Frame Angle Of IncidenceintheEV or SV sectors

FF Flat-Fielding correction to equalize detector response for a given constant scene

K Linear correction coefficient for detector response variation with focal plane temperature

<T(FPg)> Averagefocal planetemperature for a given Band

TcaL(FPs)Reference focal plane temperaturefor a given focal plane.
3.3-4



DN" Uncertainty oo

A\

Assuming uncorrelated error sources that are:
— random and Normally distributed

— small enough to require only first order Taylor series expansion about the means
aDDN "6  aDDN,, & a5, 0’ o)

2

CON 5 S dn 5o tEan 5 ON.) +

2

"€ dsv_ (oN )+ % FF &

Ko T ¢ T,
+§)__ (T- TCAL)2 +aé_)c 0 K? + &DICALO K?

where we have rewritten the DN* equation for notational ssimplicity as:

DN*(EV) = [DN',S,, - DN'( S, ] * FF+ {1+ K[T - Tea I}
and dn(DN',S,, DN'gS§,) = DN’ S, - DN'y.S
T (KT, Tea) = 1+ K[T - Tea ]
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Reflectance Equation

g o(EV)

Pev.s.0(tey )COSO ) =
where O, isthe Earth View Solar zenith angle
Equngp isthe solar irradiance for a given band and detector
A similar expression can be written for the Solar Diffuser (SD) reflectance:

L T—3D,BD
E&JN B,D
Relating above two equations and accounting for time/Earth-sun distance differences

(via Gterms) in the reflectance measurements, and introducing an exponential
degradation factor for the solar diffuser (with time constant g):

P oty )COSO g) =

(EV) .
Pevep(tey)COSOg) = oo (SD) P80 (tsp)COS(0 &) AG((IZ\D/; e’
DN *(EV) 6Q(te, )U
: cosOgy ) = —=—— cos(® T
Thus the uncertainty Pev.e.0 COSOey ) DN (SD) Psp.s.p COS( SD)eG(tSD) H
in reflectance product . . .
becomes: a:)(pEv COSBEV )9 ®DN EV @DN SD O a:)(f)SD COSBSD ) O

Pey COSOg, o gDN EV g gDNSD e g Psp €0SYsp o 3.3-6



"Tall Pole Analysis" Radiance Product
Linear Algorithm Band 10

B O0.3Ltyp
| B Ltyp
O O0.9Lmax

d DNev2
d_Sev2
d_Ssv2

d FF2
d K~2
d_To
d_R*"2
d "2

d Tinst"2

d DNsv/A2

Contributor
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"Tall Pole Analysis" Reflectance Product
Linear Algorithm Band 10

O rho__cos(th) 0.3Ltyp
B rho_cos(th) Ltyp
0.4 = rho__cos(th) 0.9Lmax

Fraction of Total Uncertainty
o)
o

d Sev2
d_FFr2
d K~2
d_TO

d Ssv2

d_Tinst"2

d_DNev/"2
d_DNsv"2
d_DN*sd"2

d rocosTHsd"2

d rocosTHev2

Contributor
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Tem;ierature dependence of VISINle bands, middlé ‘cﬁénn'el;lall sanipies at Ltyp,
1 v v

from primary UAID 1338/1 339, 1442/1443, 1504
1 ,
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e Q e
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Non-Linear Algorithm and
Uncertainties

Lo =aDNyp +b (DN}, )

B T v ) o)
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Non-Linear Algorithm and
Uncertainties

* * 2 2
aDN;, +b(DN aG(t, )6
Pey COSBg, = Iiv ( EV )2 CosO, Q_G( o) = e ' pg,
aDN ¢, +b(DN ) eGlt,, )2
Do, coste)I D (ONG)'(ONG)' (0N DNG T .

€ Pgy COSGEV %) @DN;D +b (DN;D)Z)Z (aDN;V + b(DN ;V )2)

a?(DN;, )?(DNg,)?(DNg, - DN, )

@DNSD * b(DNSD)Z)zéDN vt b(DNEV) )2 (D:’)

2 2

a +2bDN . e
DDN 3D
( EV) 8 DN + b(DNSD) -

& a+2bDNg,

§aDN;, + b(DN/, )’ (DDNSD) '

a (pg, COSO, )0
& py,COSHy, @
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"Tall Poles Analysis" DN* Product
Band 10

8 Ltyp
| |0 0.9Lmax

[ |m O.3Ltyp

| | I

dl

ZvsNa P

oL P

uasulL p

A Y

vid p

A Y

ZVSNa P

VNS P

ZVMeNd P

T
N © n g M N ©
o o o o o o ©
A1ureyiaoun [e10]1 JO UonoRIS

Contributor
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"Tall Poles Analysis" Radiance Product
Non-Linear Algorithm Band 10

B O.3Ltyp
B Ltyp
O O.9Lmax

0.4

Fraction of Total Uncertainty
o]
4

_

d_a~2 d_b~2 d_DN*n~2 d L~2

Contributor
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"Tall Pole Analysis" Reflectance Product
Band 10 Non-linear Algorithm

b

B rho_cos(th) 0.3Ltyp
B rho_cos(th) Ltyp
O rho__cos(th) 0.9Lmax

Fraction of Total Uncertainty
o]
o

d ro a2

d ro b2

d ro ev2

d rocosTHsd"2

d ro Dnev/"2

d ro Dnsd"2

Contributor

3.3-14



The individual uncertainty elements from Tables Il and |11 were combined (RSS) and the band average
are listed in Table IV. Note that three bands, 3, 7, and 26 have significantly lower calibration uncertain

if athird order polynomial is used. These bands and scene levels are encircled.

Table 1V. Estimated radiometric calibration uncertainties (total)
for VIS /INIR / SWIR regions

SI-¢°¢

band win Total radiometric calib uncertainty
(am) @03L,, @L., @05L....
2nd order | 3rd order | 2nd order | 3rd order | 2nd order | 3rd order
1
2
3
4
5 1240 | 00277 | 00269 | 0.0252 | 00252 | 0.0233 | 00233
6 " 1640 0.0240 | 0.0233 0.0233
' 7 2130 00302 | 0.0235 | 0.0233
| 412 0.0244 | 00299 | 0.0257
B 443 0.0315 | 00343 | 0.0247 | 00244 | 00238 | 0.0238
[ 10 488 00262 | 00238 | 00237 | 00235 | 00235 | 00236
| n 531 0.0238 | 0.0236 | 0.0236 | 00236 | 00237 | 0.0236
12 551 0.0236 | 0.0236 | 0.0236 | 0.0235 | 0.0236 | 0.0236
13 667 0.0350 | 0.0285 | 0.0207 | 0.0206 | 0.0206 | 0.0206
14 678 0.0381 | 0.0314 | 0.0209 | 00206 | 0.0206 | 0.0206
15 748 0.0334 | 00272 | 0.0206 | 0.0208 | 00207 | 00221
16 869 0.0302 | 0.0287 | 0.0217 | 00227 | 0.0206 | 0.0209
17 905 0.0235 | 0.0233 | 0.0207 | 00207 | 0.0206 | 0.0206
18 936 0.0238 | 0.0208 | 0.0298 | 00229 | 0.0206 | 0.0206
19 940 0.0292 | 00243 | 0.0220 | 00214 | 00206 | 00206
26 1375 0.0301 | 00303 | 00270 | 00271




